Conventionally, nasotracheal intubation has consisted of blind nasal passage and external manipulation of the tube through the glottis ('conventional technique'), a technique associated with a high incidence of nasal trauma. We evaluated a novel technique for routine asleep (i.e. post-induction) nasotracheal intubation using a bougie ('bougie technique'), which uses a nasopharyngeal airway to guide a paediatric bougie nasotracheally for use as a Seldinger tracheal intubation guide. Two hundred and fifty-seven older children (> 8 years) and adults were randomly assigned to videolaryngoscopy-assisted nasotracheal intubation using either the conventional or the bougie technique. The hypothesis was that the bougie technique would result in less nasopharyngeal trauma. The bougie technique was associated with significantly less nasopharyngeal bleeding than the conventional technique at both 60-90 s (55% vs. 68%; p = 0.033) and 5 min (51% vs. 70%; p = 0.002). The severity of bleeding was also significantly less with the bougie technique, with an OR for active bleeding of 0.42 (95%CI 0.20-0.87; p = 0.020) at 60-90 s and 0.15 (95%CI 0.06-0.37; p < 0.0001) at 5 min. Magill forceps were needed significantly less often with the bougie technique (9% vs. 28%, p = 0.0001) and there was no difference in first attempt and overall success rates between the two techniques (p = 0.133 and p = 0.750, respectively). Not only is nasal intubation over a bougie as successful as the conventional technique, it also significantly decreases both the incidence and severity of nasopharyngeal trauma, as well as the need for the use of Magill forceps.
Introduction
Nasotracheal intubation is commonly used when difficult orotracheal intubation is anticipated (e.g. as part of an awake/sedated flexible scope-assisted technique), or when a nasal tube will improve surgical exposure. Conventionally, routine anaesthetised (i.e. postinduction) nasotracheal intubation entails initial blind passage of a tracheal tube via the nares followed by laryngoscopy-assisted passage through the glottis, with or without the aid of Magill forceps ('conventional technique'). Because the nasal mucosa is highly vascular, the conventional technique is reported to have an epistaxis rate of approximately 54% [1, 2] . Although less common, avulsion of structures within the nasal cavity and dissection of the retropharyngeal mucosa may also occur [3, 4] , as well as bacteraemia secondary to the disruption of the nasal mucosa. Slight modifications to the conventional technique have been described to decrease the trauma associated with the passage of a tube through the nasal cavity, including warming of the tube [5, 6] , pre-treatment of the nasopharynx with a topical vasoconstrictor [7] , and catheter guidance of the tube into the pharynx [2, 8, 9] . In addition, progressive dilation of the nasal passage is often practiced, although its efficacy has been questioned [10, 11] . Even with nasal vasoconstriction, tracheal tube warming and catheter guidance, nasal intubation is still associated with nasal trauma and tracheal tube cuff rupture [1, 3, 12, 13] .
In this study, we propose an alternative for routine post-induction nasotracheal intubation, specifically, nasotracheal intubation over a bougie placed via a nasopharyngeal airway ('bougie technique') and evaluate its effectiveness. This Seldinger-based technique builds upon earlier work of bougie-guided nasal intubation [14] [15] [16] with the addition of a nasopharyngeal airway, which acts to protect the nasal cavity and direct the bougie towards the glottis. We conducted a prospective, randomised trial comparing the bougie and the conventional techniques, with the hypothesis that the bougie technique would result in less nasal trauma than the conventional technique.
Methods
This randomised trial was approved by the University of Iowa Institutional Review Board. This manuscript adheres to Equator guidelines. Study participants were patients 8 years of age or older scheduled to undergo elective surgery requiring asleep nasotracheal intubation. Children > 8 years were included as this is a population commonly needing nasal intubation. Exclusion criteria included: anticipated difficult mask ventilation or videolaryngoscopy; pregnancy; anticoagulation (including daily aspirin); imprisonment; inability to consent (adults); or a history of chronic epistaxis.
We recruited patients on the day of surgery in the pre-operative waiting area or on the inpatient ward. An attending anaesthesiologist (i.e. consultant anaesthetist) or research assistant reviewed the risks and benefits of the study with each patient and written informed consent was obtained from the patient or their guardian, with assent from patients younger than age 18. Videolaryngoscopy was used for all intubations. The 257 participants were randomly assigned (closed envelopes) to either the conventional or the bougie technique using permuted block design with variable block sizes of two, four and six. Envelopes were opened only after the ability to mask ventilate was confirmed (see below).
Each anaesthetic team consisted of a consultant anaesthetist trained in both conventional and bougie techniques and a learner (anaesthesia resident, dental resident with 1-3 months of clinical anaesthesia training or student nurse anaesthetist), with or without formal training in the techniques. Learners were chosen for this study because all of the institution's certified registered nurse anaesthetists had experience with the conventional technique, and none with the bougie technique, which could have introduced bias.
Pre-operatively, the consultant anaesthetist performed an airway examination which included: Mallampati grade (1-4); mouth opening (from central incisor/gum to central incisor/gum with maximal patient effort); neck extension (full, limited or none); the presence of retrognathia (none, mild or significant) or nasal or oral anatomical abnormalities ('no' or 'yes', with description); and dentition.
Intubating equipment for both techniques was prepared by the research assistant before the patient entered the operating room. The set up included: a GlideScope (size 4; Verathon, Bothell, WA, USA); cuffed nasal (north-facing) Ring, Adair, Elwyn (RAE) tracheal tube (Medtronic-Covidien, Dublin, Ireland) lubricated internally and in sterile saline from a warmer set at 43-44°C; nasopharyngeal airway coated internally and externally with water-soluble lubricant; Magill forceps; and a paediatric bougie (10Fr 9 70 cm, SunMed, Grand Rapids, MI, USA). Nasopharyngeal airways were selected in relation to age (22Fr for 8-14 years and 28Fr for ≥ 15 years) and tracheal tubes were selected in relation to height (5.5 mm for ≤ 127 cm, 6.0 mm for 128-146 cm, 6.5 mm for 147-166 cm, 7.0 mm for 167-179 cm, 7.5 mm for 180-186 cm and 8.0 mm for ≥ 187 cm).
All patients received pre-operative bilateral nasal oxymetazoline (0.05%), administered until the patient complained of a foul taste, suggesting pharyngeal spread. After the patient entered the operating room, the surgical resident caring for the patient -and who was to rate nasal trauma -was asked to wait outside so that they would be blinded to the intubation technique. American Society of Anesthesiologists (ASA) standard monitors were applied and the patient was asked to breathe through each nostril individually and state which felt more patent. Following verification of appropriate equipment and pre-anaesthetic time-out, general anaesthesia was induced.
For patients who had a pre-operative intravenous (i.v.) line, pre-oxygenation was achieved with 100% O 2 through a face mask for 2 min or until end-tidal O 2 concentration was > 90%. An i.v. induction was performed with midazolam 1-2 mg, fentanyl 50-100 lg, lidocaine 1 mg.kg À1 (up to 100 mg) and propofol 1-3 mg.kg
À1
. After loss of the eyelid reflex, a baseline quantitative train-of-four ratio was obtained and bag-mask ventilation was attempted. If bag-mask ventilation was deemed impossible, the patient was excluded from the study and the ASA difficult airway algorithm was followed. If bag-mask ventilation was adequate, succinylcholine 1 mg.kg À1 (up to 150 mg) or rocuronium 0.5-0.6 mg.kg À1 (up to 50 mg) was administered intravenously. For patients who did not have a pre-operative i.v. line, an inhalational induction was performed with sevoflurane in an oxygen/nitrous oxide mixture. After an adequate depth of anaesthesia was achieved, a peripheral i.v. catheter was inserted and the anaesthetic proceeded as per above.
After the ability to mask ventilate was confirmed, the randomisation envelope was opened by the research assistant and the randomised intubation technique revealed. Bag-mask ventilation was continued until either a train-of-four ratio of < 40% was achieved or fasciculations were noted.
The randomised technique was initiated following one of two pathways:
For patients allocated to the conventional technique, after best glottic view (Cormack and Lehane 1-4) was obtained with the GlideScope, the tracheal tube was removed from the warm saline and water-soluble lubricant was placed on the tip. The tube was then placed into the more patent nare, as determined by the patient. If both nostrils were equally patent, or if the comparative patency was not known, the right nostril was used. Using external manipulation, the tube was advanced through the pharynx and past the vocal cords under Glidescope visualisation. If passage of the tracheal tube through the glottis was unsuccessful, the learner could use Magill forceps and/or external laryngeal manipulation to align the tube with the vocal cords. The tracheal tube was then advanced to the appropriate depth and secured at the level of the nare. The GlideScope was then removed, the tracheal tube cuff inflated and appropriate placement was confirmed via auscultation and the presence of persistent endtidal CO 2 . If intubation was not successful after two attempts with the conventional technique, the anaesthesia team switched to the bougie technique. If this technique was unsuccessful after two attempts, intubation was performed by an alternate method of the anaesthesia team's choosing.
For patients allocated to the bougie technique (see Video S1 in Supporting Information), the nasopharyngeal airway was placed via the more patent nostril (determined as per above). The GlideScope blade was then inserted and the best laryngeal view noted. The paediatric bougie was placed through the nasopharyngeal airway, coud e tip end first, with coud e tip facing anteriorly. While watching with the GlideScope, the bougie was advanced to the glottic opening (Fig. 1) . If needed, rotation of the bougie and/or external laryngeal manipulation was used to align the bougie with the vocal cords. If these procedures were unsuccessful in facilitating glottic approximation of the bougie, Magill forceps were used to the same effect. After the bougie was positioned in or through the glottic opening, it was rotated 180°, such that the coud e tip was facing posteriorly (Fig. 2) .
This manoeuvre (coud e up to coud e down rotation) prevented catching of the bougie on the anterior commissure or anterior tracheal rings. The bougie was then advanced distally in the trachea until resistance was met (distal hold-up sign [17] ). Laryngoscopy continued and the consultant anaesthetist removed the nasopharyngeal airway over the bougie. The nasal RAE tracheal tube was then removed from the warm saline, and water-soluble lubricant placed on the tip. The proximal bend of the nasal RAE tube was straightened by the consultant anaesthetist to prevent inward pressure on the bougie. Using a Seldinger technique, the tracheal tube was threaded over the bougie and advanced, with the bougie as a guide, via the nare and through the glottis under Glidescope visualisation (Fig. 3) . If the tracheal tube became caught on glottic structures (typically the right arytenoid), it was rotated anticlockwise until freed [18] . The tracheal tube was secured at the level of the nostril, the bougie and GlideScope were removed and the tracheal tube balloon was inflated. Appropriate tracheal tube placement was then confirmed as per above. If intubation was not successful after two attempts with the bougie technique, the anaesthesia team switched to the conventional technique. If the conventional technique was unsuccessful after two attempts, the intubation was performed by an alternate method of the anaesthesia team's choosing.
The research assistant noted the number of intubation attempts, whether an alternate method of intubation was needed and, if so, what method was used and whether it was successful. An attempt was defined as beginning with the advancement of a tracheal tube or bougie through the nasal opening and ending with either the presence of end-tidal CO 2 via the nasotracheal tube (successful attempt) or with withdrawal of the tube or bougie and a return to mask ventilation (failed attempt). Any activity within this time-frame, including failed laryngeal advancement, was considered part of a single attempt. The research assistant also recorded time to intubation (defined as the time from first entrance of a tracheal tube or bougie into the nare to the presence of end-tidal CO 2 via the nasotracheal tube) and whether Magill forceps were used.
After appropriate placement of the tracheal tube was confirmed, the research assistant removed from view all technique-specific airway equipment. The surgical resident was then allowed back into the room. At 60-90 s after positive end-tidal CO 2 , the surgical resident performed a posterior pharyngeal examination. A Weider tongue retractor was used to displace the tongue and gain direct sight of the nasopharyngeal cavity. A haemostat, gripping a sterile 4 9 4 gauze folded into a one inch square, was used to swab circumferentially around the tracheal tube where it entered the pharynx from above. Post-intubation bleeding was graded by the surgical resident as either: 1 (no signs of Figure 1 Bougie (blue arrows) advancing through nasopharyngeal airway (red arrow) and towards the glottic opening. The primary outcome of this study was nasopharyngeal trauma as defined by nasopharyngeal bleeding at 60-90 s after positive end-tidal CO 2 . Secondary outcomes were: nasopharyngeal bleeding at 5 min post-intubation, as graded above; time to intubation; first-pass success, defined as the frequency of successful nasotracheal intubation on the first attempt; and need for Magill forceps.
The study was powered based on 'no nasopharyngeal trauma' vs. 'signs of any nasopharyngeal trauma' at 60-90 s post-intubation. Historically, the nasal trauma rate with conventional methods is approximately 45% [1, 2, 5, 6] . We anticipated that the bougie technique would decrease this rate to 25%. A Fisher's exact test with a two-sided type-1 error rate of 0.05 would have 90% power to detect the difference between 45% nasal trauma rate in the conventional technique group and 25% in the bougie technique group with 256 subjects (128 in each group). The primary outcome (nasal bleeding score at 90 s), and other categorical outcome variables were compared using Pearson's chi-square test. The log-rank test was used to compare time to intubate successfully with the primary technique, and the Wilcoxon rank-sum test for total intubation time. Patient characteristics were compared between the two groups using the Pearson chisquare test for categorical variables, two-sample t-test for height, and the Wilcoxon rank-sum test for weight, body mass index (BMI), mouth opening and the ordinal variables. All statistical analyses were performed using SAS (version 9.4, SAS Institute, Cary, NC, USA).
Results
A total of 268 patients consented, of whom 257 were randomly assigned (conventional technique n = 131; bougie technique n = 126; one additional randomly assigned patient due to envelope duplication). Surgeons changing the plan from nasal to oral intubation was the most common reason for consented patients not being randomly assigned (n = 7). Four other consenting patients were not randomly assigned because of late disclosure of anticoagulation, late disclosure of chronic epistaxis, the unavailability of a study physician and the decision to proceed with flexible scope intubation, respectively. Eleven consultant anaesthetists and 94 learners participated in this study. There were eight patients with protocol violations, all related to use of an airway technique not specified by protocol, a tracheal tube of improper size, or clinically-indicated exchange of the tracheal tube before bleeding checks (Fig. 4) . The numbers of patients at each study phase and protocol violations are presented in the trial flow chart (Fig. 4) .
Baseline characteristics, pre-operative airway morphology and intubation variables are summarised in Table 1 . The two groups did not differ in terms of age, sex, BMI, mouth opening, neck extension, degree of retrognathia, Mallampati grade, the presence of nasal or oral anatomical abnormalities or best glottic view (Cormack and Lehane). Although glottic views are likely better described by other scoring systems [19] , Cormack and Lehane grading was used due to provider familiarity. Learners who performed the intubations were primarily anaesthesia residents, of whom the majority were in their first year of clinical anaesthesia training. The type of learner (anaesthesia resident, dental resident, student nurse anaesthetist) and their level of training were not different between the two study groups. Nasotracheal intubation was successful in all patients and there were no incidents of dental damage or study-related adverse events.
The incidence and degree of post-intubation nasal bleeding at 60-90 s and 5 min, success of primary intubation technique and time to intubate successfully for each treatment group are presented and compared in Table 2 .
By intention-to-treat analysis as shown in Table 2 , the incidence of bleeding at 60-90 s (primary outcome) was significantly lower with the bougie technique compared with the conventional technique (55% vs. 68%; p = 0.033), with OR of bleeding for the bougie relative to the conventional technique of 0.57 (95%CI 0.34-0.96). The nasal trauma rate at 5 min was also significantly lower with the bougie technique, with 51% incidence of bleeding compared Table S1 ).
There was no significant difference in first attempt (p = 0.133) or overall success rate (p = 0.750) with the bougie technique compared with conventional technique (Table 2) . While the bougie technique had longer total procedure times compared with the conventional technique (median difference 11; 95%CI 3-17; p = 0.39), there was less need for Magill forceps (9% in the bougie group vs. 28% in the conventional group, OR (95%CI) 0.25 (0.12-0.52); p = 0.0001, Table 2) .
As exploratory analyses, we also examined whether results were consistent among paediatric (age 8 to 17, n = 127) and adult (age ≥ 18, n = 130) patients. The test of age by technique interaction was examined for the primary and secondary outcome variables (incidence and severity of nasal bleeding at both 60-90 s and 5 min and the need for Magill forceps). The interaction effects were not significant for any of the outcome variables (p > 0.21 for all comparisons). The outcome variables were consistently lower with the bougie vs. the conventional technique for both paediatric and adult patients as they were in the study population as a whole. be determined without further research. In addition, this study only evaluated preformed nasal RAE tubes and single-use silicone bougies, and results may vary with tubes and introducers of other design [20] . That said, a nasal Seldinger technique with a traditional (non-preformed) tube and re-usable bougie is unlikely to be more difficult.
In conclusion, nasal trauma is common with nasotracheal intubation. The technique of nasal intubation over a bougie placed via a nasopharyngeal airway uses familiar skillsets and results in significantly less nasal trauma and less need for Magill forceps, with no difference in success rate, when compared with a conventional technique, even in the hands of individuals inexperienced with the technique.
